Introduction
Electric double-layer capacitors store electric energy by formation of double-layer between an electronic conductive electrode and an ionic conductive electrolyte. Their non-Faradaic charge-discharge mechanism generally offers high power density and long cycle life. Performance of capacitors is evaluated by the power density of IV and energy density of 1/2CV 2 , where C, I, and V denote the capacitance, current density, and operation voltage which has a strong correlation with ionic conductivity and electrochemical stability of electrolytes [1] [2] [3] [4] . Another type of electrochemical capacitor, pseudocapacitor, is also widely studied. Charge storage of pseudocapacitor is based on reversible electrochemical reactions on redox active electrodes such as metal oxides (RuO 2 , Fe 3 O 4 , and MnO 2 ) [5] [6] [7] and electrically conductive polymers (polyaniline and polythiophene) [8, 9] . These materials exhibit fast charge transfer reactions and high diffusivity of redox active species in electrodes.
Replacement of liquid electrolytes to solid electrolytes for electrochemical capacitors offers prevention of electrolyte leakage, flexible and thin configuration of devices, volumetric stability during the cell operation, and easy packing and handling [10] [11] [12] . Gel polymer electrolytes have been widely studied as solid electrolytes because they have preferable features as solid electrolytes for electrochemical capacitors [10] [11] [12] [13] . Gel polymer electrolytes are formed by mixing the polymer host, solvent, and salt, where the polymer host acts simply as a stiffener for the low molecular weight solvent working as a medium for the mobility of cationic and anionic species [14] . 
Experimental

Electrolytes and electrode materials
The electrolytes, DMPyr(FH) 2 
Electrochemical measurements
Electrochemical measurements were performed at 298 K under an Ar atmosphere with the aid of a VSP electrochemical measurement system (Bio-Logic). A three-electrode test cell was assembled with a pair of activated carbon sheet electrodes, vitreous carbon current collectors, PTFE separators, and a Ag foil quasi-reference electrode. The Ag foil was inserted between two separators and the potentials of the positive and negative electrodes were separately monitored during electrochemical measurements. Before starting electrochemical measurements, the potentials of the electrodes were monitored overnight to confirm their steadiness.
The galvanostatic charge-discharge tests were performed in the three-electrode cell for 300 cycles at different current densities of 238, 476, and 2380 mA g capacitance, and 199 and 79 F g -1 for the negative capacitance, respectively. Since both the redox reactions do not follow the high rate charge-discharge, the capacitances decrease with increase in the charge-discharge rate.
Results and discussion
Double-layer formations and redox reactions on activated carbon electrodes in fluorohydrogenate IPC
The electrolyte resistance in the pore of activated carbon electrode
By means of an ac impedance analysis, the electrolyte resistance is separated into the resistance of the bulk electrolyte (R bulk ) and the resistance of the electrolyte from the top to the bottom of the pores (R pore ) in the activated carbon. A transmission model of the porous electrode gives a typical behavior of double-layer capacitors characterized by the Nyquist plot in which a slope with a phase angle of -45° (eq. 1) in the high frequency range and a locus in parallel with the imaginary axis (eq. 2) in the low frequency range appear [36, 37] .
where Z, ω, C dl , and j denote impedance, angular frequency, double-layer capacitance, and 
Migration of ions in the pore of activated carbon electrode
The diffusion behavior of ions composing DMPyr(FH) 2 Fig. 7 (c) , indicating the migration of ions in the pore certainly occurs in the IPC phase as in the case for EMImBF 4 IL (Fig. 7 (i) ). The linear decrease in V oc against t 1/2 in this time region is not clearly observed for EMPyr(FH) 2.3 F due to its low R pore . When the electrochemical capacitors are charged by a constant voltage mode, the migration of ions in the pore is not observed for any electrolyte as seen in Fig. S2 (Supplementary contents) .
Conclusion
The behavior of the activated carbon electrode in DMPyr(FH) 2 F IPC was investigated by charge-discharge tests, cyclic voltammetry, and ac impedance spectroscopy. In cyclic voltammetry, the square shapes corresponding to the formation of electric double-layer were observed for both positive and negative activated carbon electrodes in a narrow potential range.
The formation of electric double-layer was also confirmed by impedance spectroscopy based on the transmission model. The redox reactions on both the electrodes occur in a wide potential range as reported for EMPyr(FH) 2.3 F IL. Stable operation of the electrochemical capacitor using DMPyr(FH) 2 F IPC was confirmed for 300 cycles and the capacitances of the positive and negative electrodes at the 300 th cycle were 263 and 221 F g -1
, respectively. Just after galvanostatic charging, the ions in DMPyr(FH) 2 F IPC inhomogeneously distributed in the pore of activated carbon, then they migrate to be homogeneous under a diffusion-limited process. 
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